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I A. Ak.traci 

The study of aerodynamic effects at high incidence associated 
with motions of wide amplitude Incorporating continuous ro-> 
tatlons requires the consideration of coupled affects which 
are generally nonlinear In a new formulation of equations of 
motion. A rotative balance designed to simulate such maneu- 
vers in a windtunnel was created at the I.M.F.Lille to form 
a test medium for analytical studies. This report provides a 
general description of the assembly by considering two main 
ranges of application t ttie study of flight at high Incidence 
and upsets y the study of stalling relative to spinning. The 
capacities and perforaances of the assembly are discussed. 
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ROTATIVE BALANCE OF THE I.M.F.LILLE 
AND ASSOCIATED EXPERIMENTAL TECHNIQUES 

R. Varbrucs* 

I.M.F.Lllla 


ABSTR4CT 


The study of aarodynaolc effacts at high inoidanea associated 
with motions of vide amplitude incorporating continuous rotations 
requires the consideration of coupled effects which are generally 
nonlinear in a new formulation of equations of motion. 

A rotative balance designed to simulate such maneuvers)) in a 
windtunnel was created at the I.M.F.Lille to form a test msdium 
for analytical studies. 

A general description of the assembly will be provided 
by considering two main areas of application: the study of upsets 
and flight characteristics at high IncidenceJ the study of stalls 
relative to spins. 

The capacities and performances of the assembly will be de- 
fined. notably: 

-geometric characteristics and kinematics: degrees of freedom, 
test range, 

-mechanical and structural characteristics, 

-aerodynamic aspects, 

-measurement-collection aspects and data processing, test proce- 
dures and analysis. 

The first Industrial experiences of this assembly are describ- 
ed in the second part of the report presented by A.M.D.-B.A. 
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1 - INTRODUCTION 



Th« foraoaat of flight qualities and performanca of modern 
aircraft requires the development of test means adapted to Its now 
range of maneuvers resulting mainly from the Integration of general- 
ized automatic controls. 

Ve must consider a very wide range of Incldence/slde-sllp in 
which motions most often are of large amplitude with rotation rates 
which are sometimes high and in some cases continuous. 


In such maneuvers the flows are complex. Accordingly, there 
are nonlinearities In the characteristics ' f ^ Lability and strong 
couplings between the various degrees of freedom. If the para- 
meters of dynamic stability are practically Independent from the 
fundamental aerodynamic magnitudes , in the range of 

low Incidences, this is not the case at higher incidences. The 
variations observed are ve^y large because they are iiithly related 
to the flow characteristics in which the definitions of local geo- 
metry may play a determining role. 
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These maneuvers "at high incidence" are actually the same 
type as those which characterize upsets, tail spins or recovery. 
Considering the range explored, they depend on the distribution of 
the zones of separation on the various airplane components and 
they depend on special aerodynamic interactions. 

The traditions] dynamic balances are not designed for the 
study of these effects. They actually produce derivatives in 
relationship with the traditional assumptions of small distur- 
bances. In the range V , J?) , the mer.n values of p, q, r, are 

zero. The rotation of wide or continuous amplitude is not shown 
and the nature of the flow is basically different. 

In order to measure the aerodynamic characteristics in this 
new range, the I.M.F.Lllle studied and created a rotative balance 




d««ifn«d for th* slnulatlon of auch manouTors In a wlndtunnal to 
provlda a tost aadlum for analytical studlaa* Thla work was carried 
out in close collaboration with theA.B.A* and with the support of 
the Section Etudes G^n^rales du Sez^lce Technique Adronautlque 
(General Studies Section of the Aeronautic Technical Ser/lce). 


The assembly was set up over a period of 12 months and the first 
tests took place In September 1978* 

2 - CHARACTERISTICS SPECIFIC TO THE ASSEMBLY 

The I«M*F«L. rotative balance was desired to meet two types of 
test requirements. First, to study the flight range at high Incidences” 
and, second, to continue the Investigation of spinning. 


In the first case, relatively large models will be considered 


to account for Reynolds effects (range 10 ), as the rates of rotation 

may reach 600*/s at the model scale and the possibility of separat- 

^ 

Ing the speed vector v from vector _n of an angle ^ - V , -O. 

which may reach 20”, thus recreating motions incorporating dynamic aspects 

In and J)i , For this typo of test, the use of low speed 

wlndtunnel models was searched for, thus leading to a mean height of 

about 1.3 ni and a mass which may reach 30 Kg. 


To investigate the spinning range, the models are most often 
used In free spins (maximum size 0.8 m) and the degrees of freedom 
of the assembly must make It possible to Incorporate a spinning radius 
and a relative heading. Due to the vertical location In the wind- 
tunnel, the steady spinning conditions may be directly simulated. 


Wider capabilities In the area of spins are being searched for in 
order to Investigate the effects of autorolling spins or autorolling 
at high incidence followed by the introduction of agitations to 
continuous rotations. 
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In any oasaf tha assaably oust parnit tha datarnlnatlon of tha 
aarodynaalc torqua as a function of tha paraaatara oharactarlalng 
tha motion and control aurfacaa* It muat alao maka It poaalbla to 
maaaura local atraaa or praaaura and allow for tha Tlauallsatlon of 
flowa* 

3 - DESCRIPTION or THE ASSEMBLY 


3,1 - Ganaral Organlaatlon 

Tha rotary aaaambly Is locatad in tha tast sactlon of tha larga 
vartlcal wlndtunnal at tha I«M*F*L» It Is a low spead wlndtiuinal 
{kO m/s maximum) with open Jat saotion of 4 m, used until now mainly 
to Invastlffata fraa spins and racowax*y on tha modals (saa flff* l)« 
This unique location compared to other rotative assemblies makes It 
possible to minimize or eliminate, depending on tha tast conditions, 
the dynamic loads resulting from the gravitational pulse* 

The mounting may be p'aced In the test sactlon or disassembled 
(fig* 2) by using an actuating Jack to elevate Its position and to 
fasten the central pin to four beams which are virtually radial to 
the concrete structures of the windtunnel* By rotating a vertical 
pivot in the test section, the entire assembly may be placed in and 
out of It* It takas only a half>day to change from the test confi- 
guration of free spins to the rotative test configuration* 

All operations of the windtunnel balance are controlled from 
a desk located above the test section* All measuring channels pass 
through It and are numbered* The system Is connected to the data 
processing and collection center by cabled channel* 

3*2 - Description of Operations - Degrees of Freedom - Kinematics 

Tha diagram of the various degrees of freedom Is shown In figure 
3* The model Is held by the 6 or 3 component dynamic balance and Is 
mounted on the sting from the rear* (This configuration Is used at 
an Incidence reaching 60* ) * This sting Is connected to a curved 
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ana* A first rotation nay bo obtainad around tho axis of tha 

atinf ovar 360*. Thia aiotion ia aiotoriBadt tha adjuataiant ia automi- 
tie and tha aoouraoy of tho angular position is Tho notion aniat 

oeour without wind and without rotation* Hydraulic olapps prowido 
tha fixation rigidity which ia indispansabla for dynanio taatlng* o 
A variant waa navarthalasa davalopad to parfom naaaurananta on 
spinning typo nodals during continuous rotations in ^ up to 20 rd/a 
for tha antira rang# of incidanoa which nay ba appliad to tha nain 
rotation , 

Tha curvod am is uaad to display anglo (5 (batwaan tha axis 
of the sting or H.F.R. and the direction parallel t^> vector in 

tho plane of syssaatry of tha curved am)* Tha range considered is 
0 - 45* for the tests at high Inoidancsy and 45* • 90 * for tha spin- 
ning tests* This operation is notorized, tho accuracy of tho angular 
position is more than *!*• The adjustment may be executed without 
wind during shutdown* Hydraulic clamps are used for tha dynamic 
tests. 


Tha motions in and do not displace the canter of inartli 

in the test section* 


The curved am is connected to a pivot fastened to a slider* 

The relative heading may be displayed by operating around 

the pivot* This parameter is specific to spinning* It is adjusted 
manually* It may be set by a pitch of 20* in the AiSO* range* It 
is locked manually by bolt:.* 


The slider connected to the main axis of the assembly makes it 
possible to introduce the spinning radius R by a lateral displace- 
mant of the curved arm pivot* The maximum radius is 0*20 ra* The 
operation is motorized; the adjustment is made without wind and with- 

• 3 

out rotation and the value obtained is 10 m* Locking is ensured by 
hydraulic blocking Jacks* 


{ 


\ 

Rotation occurs about ths aaln axis of tbs assanbly. 

It Is obtained by a oontlnous currant notor torquSf ths spssd of 
which is oontrollsd by a taohynstrlc gmnTtitOT» Ths rotation nay 
occur In both dlrsotlons. Constant ^ or laws of spssd varia- 

tion may bs applisd* Ths maximum spssd is 11 rd/s and ths display 
accuracy is 2 10 rd/s. 

Tha rotation is blocked at in order to allow for nsasurs- 

msnts of traditional polars. This plans, which contains , Is 

perpendicular to ths horizontal axis allowing for rotation ^ 

^ is ths angle between operation is control- 

led by an hydraulic Jack. The motion may be created with wind in or- 
der to execute the polars. The mean displacement speed is 0.75*/s. 

may reach 30*. For the rotation tests, the maximum ^ was 
fixed at 20*. The accuracy is continuous and the over-all display 
precision is more than 0.1*. 

Let us recall that the maximum speed of the wlndtunnel is 40 m/s. 

The maximum size of the model is 1.3 m. 

The control surfaces of the model may be motorized, if necessary. 

All controls, measuring and control channels transit through ro- 
tative electrical contacts and a high pressure hydraulic coupler lo- 
cated at the top of the assembly. 

A table summarizing the main characteristics is shown in figure 

4 . 

Since various parameters are displayed i ^2 ’ ^ ^ ^ 

'y R “ traject ory diagram of tha tip sections of the model and of 
the C.G rotating in Vp (integral of _f\ ) was established for 
the most critical combinations. To keep these trajectories, on the 
averagi^ centered on the axis of the wlndtunnel test section, the 
main hub of the assembly was offset by 0.^ m. 
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For tho oholoo of aotorlBatlonf tho d.o* torquo aotor with roduo- 
tlon soar box without play vaa proforrod to tho hydraulic aotor* Tho 
lattor rooonolloo hlfh torquo with roduood olao, but it dooo net* haro a 
torquo of Inflnlto anfular valuo and It laay thoroforo fonorato opurioua 
puloos* 

Tho romrkablo oharao tori otic of tho ooloetod torquo nctor and Ita 
control syaton lo that it lo capable of maintalnlns a opood of noro than 
l*/oo vhon tho rooistant torquo suddenly varies by 50%, This characteristic 
makes it possible to operate in tho presence of fluctuations of tho 
resistant torquo, particularly when the motor rotates with a hlsh value 
of ^ . 

3*3 - Definition of tho Toot Ranre 

The tost ranso will usually bo defined by the values of incidence 
and side-slip which are determined by definlns the center of inertia 
of the model, tho value of ^ and V fixing the propeller angle at 
the wing tips ( b/V ) and the projections of vector in the 

model identification which defines p, a and r* 

The precise calculation of , y3 i* shown in appendix I. It 
takes into consideration rotations , ^2 ^ ' suc- 
cessively, along with rotation which corresponds to a possible 

angular diaplacomont (along the assembly) between the axis of the bal- 
ance and tho longitudinal fuselage reference* 

The complex expressions obtained may be shown graphically in the 
form of the chart suggested in figure 5* For the case where ^ is 
zero, in the range 65 *, 40 *, the maximum error will remain 

less than 1** 


It should bo pointed out that when tho test conditions are de- 
fined by parameters and/or ^ only, the rotation occurs around a 

fixed point in the plane c( , . Q detenrines the maxi- 
mum incidence and ij’ introduces side-slip , When we display 

a value of ^ , in a first approximation in plane ^ the motion 
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in r My b* shovn by a clrola In th« Banauvarlnf rant* undar con' 
aldaratlon. 


It la such aaalar to Intarprat paraaatara and V, To ra- 
praaant apina, tha halix anclo ( b/V). should ba takan Into spaolal 

consldax^tlon. For studios at hi^h inoidoncO| aaoh aa^itudo aay 
vary saparataly and it is thus possibla to show tha affaots of tha 
Raynolds nuabar or tha raduead pulsa H 


Tha oomponants of vaotor ^ in tha modal identification ara 
calculatad in appandix I* Thay takan into account tha thraa rota- 
tions Q ^ ^ and ^ They ara ^onarally constant, throughout a 

tast* ^ 


Lot us baar in mind that tha assambly can rotata in both dirac- 
tlons. Whan ^ is zero, i.e* e>( and ^ ara constant during tha 
rotatloni it is therafora possible to obtain a reversal of the only 
components p, q, r of JIl". When only is displayed for each 

value of in rotation _0— , the two values ^ remain the same, 

but J\. is reversed, <Tj,e over-all syimnetry of tha test condi- 

tions will therefore consist of comparing in plane s^yS the values 
obtained at given with those which are mirror-imaged aroxind the 

origin! Yit t yr , therefore obtain the reversal of all magnitudes 

_n. * l^han the test contains only Q and , a mirror- 

image on ^ may be obtained. 


In the case where 0^ • '-f ^ are displayed simultaneously , 
two distinct test cases for both directions of rotation are then ob- 
tained • 


Appendix 1 provides the Euler angles which are normally used in 
flight mechanics. They are different from , O , of the assembly 

as a function of the various predetermined parameters and of position 
in the rotating model. 


If w» know all of these characteristic magnitudes of motion, it 
is possible tc select a test program which may bo executed within the 
multitude of possible combinations, A thorough Inventory must be 



provided for tho ontlro uaoful ranffo of tlio aoooablyi Inoludlng that 
which la oharaotariatio to aplno* 

3.4 - Moehantcal and Structural Cha raetoriotioa 

A thorough otzniotural otudy of tho rotary aaaoably waa oonduetod 
at tho project ata^o In order to define aaaonbly dafonaatlona under 
atatlc loada and Ita dynaailo oharaotarlatioa alonff with thoaa of tho 
■•aaurinff balanoa. Thia atudy nada It poaalblo to define the OTor-all 
dlnanalonlnf of the aaaonbly atruoturaa. The criteria Mere aolactad to 
obtain for the equipped aaaenbly of a 30 nodal a flrat atruotural 
node at a nlnlnun of 10 Ha. 

FurthernorOf In order to chooae the location of the aaaenbly, 
prellnlnary neaaurenenta were made to define the poaaible ezcltatlona 
on Ita foundation cauaed by the windtunnel operation. 

3.4.1 - Excltatione Cauaed by the Windtunnel Operation 

An analysis vas made of the ft*equenoy and anplituda of the vibra- 
tions recorded. The points selected for neasurements were at the end 
of the beams supporting the top floor of the test section and at the 
location where the assembly should be fastened (see figure 6). They 
were accelerometrlc measurements performed horizontally and vertically 
on the plane perpendicular to the axis of the beam. 

The analysis was made on an average of J2 spectra. 

The general appearance of the amplitude spectra shows a practically 

nonexistent energy level in the bandwidth 0 - 100 Hz between I 6 and 

40 m/s, except In a few well-defined regions where Frequency F appears! 

number of rotations per second of motor , number of ventilator 

blades. At maximum speed, this frequency is 71 Hz. The effective 

2 

acceleration Is 0.6 m/s and the deformation Is 3 

A finer analysis was made In the 0-20 bandwidth range where 
the fundamental of the assembly will be founl. Here again, a very low 
average energy level may be observed. On the ^ * spectrum line 




of woak intonaity J a (ana rally found. This oorrsaponds to tha aotor 
rotation fraquancy (balancing raaldua), 

A slnirla ooupllnc with tha struotura saans to ba obtalnad at 
^>230 l»a, 28 n/s of wind on a llna fraquancy of k Ha, 

The vaak lavala of tha linaa obaarrad abora 9 Ha do not warrant 
tna faars that rotary assaaibly has foroad wiccltatlona of larffs ampll- 
tuda. 

3 • 4 • 2 - Structural Study 


In ordar to datanaina tha daforroatlona of the aaeambly undar 
loads f a matrix of impact coafficlants was computed for a structura 
modallad with 3 baams, Tha balance ur.dar study is connactad to thasa 
baams as stiffanar component and is dat'lnad by its own matrix of im- 
pact coafficlants, Tha modal Is connactad to tha baams as a pura 
mass component ( saa figure 7)* The concrete baams of the wlndtunnel 
are conaiderad to be undaformabls, 

Tlia matrices define the displacement vector ( (T } of this same 
point for torque forces (t) applied to the center of ^avity of tha 
modal, according to tha relationship t . (T) . 


An example of results obtained from the numerous test cases is 
shown on figure 8, Tha reference trihedral Is the modal trihedral. 

It shows the effect of each assembly component on the deformations; 
baams, pin, sector, sting and balance. The curved sector and sting, 
which have maximum dimensioning relative to the projection of the base 
of the model, have considerable affect on linear deformations, and ^ • 
The deformations at the center of Inertia, however, are still a few 
millimeters for maximum loads of 1,000 Newton in Z. The balance, 
of course, has a predominant effect on angular deformations. For 
cumulative values, the angular deformations do not reach 0.2° for the 
Maximum moments applied to the del. 
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Bas«d on an annlofoua ■odalling of tha assaably, tha dynaailo fl 

daformationa and fundaaantal aodaa war# alao calculatad. Tha atruc- 
tura waa rapraaantad by a ayatan of ^ knota and 36 da^aaa of fraa- 
dom. Tha aMaaaa and inartlaa of tha caaponanta ara ahown on tha knota. 

Tha balanca la achaouitlaad by 3 de^aaa of fraadoa and ita daforaa- 
tlon matrix. 

Tha fraquancy of tha ftindaaantal moda la alwaya cloaa to 10 Hz 
for any o on figuration of tha 30 Kg modal. 

t 

Thia la tha caaa of a yawing moda of tha modal with almultan- 
aoua dl aplacamanta In Y and ^ , Tha aacond and thlrt* moda la In 
tha 10 to 13 Hz ranga. In tha caaa of a 20 Kg modal, tha flra^. 
moda In Y would ba found at about 13 Hz. 

3.^.3 “ dacapt lon of tha Aaaambly In tha Taat Saetlon - Structural 
Charactarlati CB 

Tha aaaambly craatad on tha baala of tha daacrlptlon and daalgn 
provldad above was aubjactad to numaroua recaption taata In the 
wlndtunnal, particularly from the point of view of atructural noiaea 
linked to Ita operation. 

The daformationa under atatlc loada were chocked and there la a 
20*^ difference from the forecaat for applied loada in X, Y, Z and 
for both positiona of curved aectur , ■ 0 ^5". 

Tha characterlatics of the atructural raodaa ware brought to 
light by exciting the aaaambly and model aucceaaively for each 
degree of freedom by ahocka and by recording the algnala originating 
from the balance. Tha model mounted on the balancu walgha '12 Kg. 

The taata wore performed for J\. and V ■ 0, ! 

1 

Analyala of the algnala made It poaaible to bring to light the ‘ 

modoa preaented in figure 9. Thoaa modea are analogous to thoae | 

determined by the forecast. The fre'juencies are found In the 10 to 

J 

21 Hz range. Tlie modea are vary moderately dam|Zd and the 

1 1 


pltohlnK^pumplng ooupllns* yawing Y ara obaarrad. Thla Infor- 
mation confirms that tha struotux*al charaotarlstlos of tha assambly 
colnclda with tha targata daflnad in this ragard. I^om tha point 
of vlaw of prooasslng rotation dataf It Is naoassary to perform ac- 
calbromatrlc maasuramants In order to Identify tha dynamic torque. 

These Investigations vara completed by Initial maasxiramants of 
noises caused by tha aerodynamic or mechanical characteristics of the 
vlndtunnal operation and ' ' the assembly rotation In _n_ , ' 

A few typical cases are shown on figure 10. Analysis of sig- 
nals from the balance by using the Fourier transform make It pos- 
sible to draw the first conclusions described below. 

Without wind, rotation JX alone does not produce significant 
noise levels. The density increases moderately with the modulus of 

JTl 


Wind tests without rotation clearly bring to light that the 
structural modes are genez*ally more distinguishable as c< Increases 
(case 3 and k figure lO). 

Accordingly, the excitation originates largely from the wind- 
tunnel operation and more from aerodynamic characteristics than from 
mechanical noises transmitted to the assembly support by the 
ventilator motor unit. This assumption is supported by a very high 
correlation between the disturbances and the position in of the 

rotating model in the test section. 

Analysis of signals is performed for the mean values of a 
large number of successive rotations (an average of 10 rotations). 

Considering the incidence-speed distribution In the section 
and the aerodynamic effects on the model, both of which are related 
to , the high correlation observed between noises amd the position 

of the model defining the instantaneous values of 0( , may be 

partially Justified. 


4 - EXPERIMENTAL TECHNIQUES 


4« 1 - ATOdynMilc A»p»ct» 

Th* rotary aaaaably la uaad in tha SV k wlndtunnal which haa 
baon uaad until now for atudlau of fraa aplua* For ttala purpcaa, 
tha oartlfloatlon of tha taat aaotlon aatlaflaa two naada. Firatf 
during fraa apln taata^ it la poaalbla to raduoa tha apaad In tha 
axia of tha aactlon to oantar nanauvara of tha nodal and, aacond, to 
obtain a naffatlva apaad Radiant along: Z In ordar to autonatlcally 
stabilize tha nodal at tha laval of tha taat ohambar. Tha aaotlon 
tharafora dlffusas at tha outlat of tha collactor and Is axtandad by 
tha diffuser. 

The test section %ras completely studied In tha presence and in 
the absence of tha rotary assembly before conducting quantitatlTa 
tests in order to bring desired modifications to the aerodynamic 
range. 

4,1,1 - Aerodynamic Noise Spectrum 

Ve have examined in this regard only over-all aerodynamic noises 
of the fluid section. For this purpose static pressure measuremente 
were performed insida the working chamber of the windtiumel, A spec- 
tral analysis of the signals is presented in figure 11| It corresponds 
to a single test case 'V ■ 35 m/s,) for which a distinct line and 
high intensity appear. It is located in frequency at 9*4 Hz and 
undoubtedly originates from a coupling relative to the geometric 
dimensions of the open Jet or to the aerodynamic circuit in general. 

Due to the effect this excitation can have, while performing 
measurements on the balance we will avoid operating in this vary 
narrow range of critical speed centered at 35 m/s. 

A more localized identification of noises in the test section 
accompanying measurements of turbulence is considered to complete 
this information. 
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4,1,2 - i^ayody ^iMile IntTfT«no«» A«»«iblY-Mod»l 


In order to ozMlno poaalblo aerodynanlo Intoraotlons of tho 
rotary aaaanbly on naasuroBantay two typaa of taata vara oonduotad 
in tha wlndtunnal at tha prallnlnary project ata^a of the aaoanibly. 

In a flrat teat oonduotad with S? on modal ^ 2000 ar aoala 
1 / 8,6 (idantloal to that oonaldarad for tha rotatira balance) | tha 
direct aarodynamio Intaractlona of aupporta oloaaat to tha modal 
ware araluatad (atlng and circular sector) in order to define tha poai- 
tioning of tha ourved aaotor relatira to tha model. For thia ptirpoaOf 
diumay aupporta were poaitionad (aea figure 12) at vsrloua dlatanoaa 
R of 0,0, from the dxunmy without touching tho dunan> with tha weighing 
model. For a dlatanco R ■ 1,4 m there was no datsctable interaction 
measured on the longitudinal coefficients and on the effactivoness of 
control surfaces in a range of Incidence reaching 45*, Only a vary 
small Increase in stability was measured at high incidences. This 
was evaluated at about 5 */oo. It could be due to the projection of 
the sting from tha base of the model, 

A second test was carried out in the SV 4 vertical windtunnel to 
detect the affects of induction which the rotary motion of the assembly 
has on the modal (see figure 12), 

We then observed whether the rotary support can drive the model 
in its design position while rotating freely. 

We used a schematic model size l/8,6 of ^ 2C00 and tho rotary 

sector is stylized by a plate representing its midship frame, which 
makes the tests very pessimistic. 

The model is suspended by a wire and the resistant torque which 

_3 

must be overcome is 6,10 m.N, 

Tho tests were conducted for c( : 0 and 90®, several reduced 
pulses wore performed and the test time is 60 s. 
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Th« modal did not display any rotary notion* Thsas prsllnlnary 
tsats hava saaantlally oonflraad that It la poaslbla to oonatruot tha 
aaaambly aooordlnc to a wall daflnad daslgn vlthout tha rlak of apa- 
clal aarodynamlo Intarfsranoas * 

Lst us also point out that all atruoturas of tha rotary aaaambly 
obstruetad tha tast ssctlon by a ralatlva maximum of 6^* Thla la not 
datrlmantal vhan tha tast -configuration la takan Into oonsldaratlon* 

4,1*3 " Explorations of tha Aarodynawlc Ranga of tha Tast Sactlon 


Aarodynanlc Corractlona 


Extenslva axploratlona of the aerodynamic range of the test 
sactlon were carried out by direct methods t anemocllnometry , flow 
visualizations for the purpose of adjusting the test section to ob- 
tain satisfactory aerodynamic characteristics in the presence of the 
assembly. 


We have studied the heterogeneity of kinetic pressure q^, 
the "drift" of section , the static pressure gradient (capable 

of influencing the flows) in the absence of the assembly and in the 
presence of the latter for various positions ^ and in 

the entire range scanned by the model* 


Preliminary Explorations 


Figure 13 shows for the test section configuration without as- 
sembly the kinetic pressure distributions obtained for two wind velo- 
cities 20 and 40 m/s measured along 4 diameters and 3 heights* The 
horizontal distribution is good* only a weak negative vertical gra- 
dient of 2 to 3% over 2 m is measured which is Justifiable for tests 
of free spins* It was not necessary to modify this basic conflgura- 
tiont test section without assembly. 

Figure 14 shows the results obtained for kinetic pressure distri- 
butions in the presence of the assembly and for a mean position of the 


■od*l *0, ® ^ ■ 0 ) vith til* t«st ■•otlon 

In th« orlfflnnl oonfifcuratlon* 

This tins ths Ysrtloal ^sdiont Is rsry proaounesd In ths axis of 
ths tsst ssotloa whsrs it sxcssds 159^ ovsr 2 n. Ths dlsti.*lbutloa « 
vhloh Is horisontal to ths bass still rsnains eorrsct* To attsnuats 
ths sffsots of by-passlnff caussd by ths looallssd obstruction dus to 
ths prsssnos of ths asssmblyf ths tsst ssction was oontraotsd at ths 
Isvsl of ths collsctor outlst plans by opsratlng ths flaps loeatsd 
in this arsa which ars ussd to guids ths ssction along ths vsrtlcal lins* 

Ths rssults obtalnsd by this contraction ars shown on flgurs 15* 

Ths axial vslocity gradlsnt is corrsctsd by producing a contraction 
ratio for ths collsctor outlet ssction of 0.985. Accordlnglyi bs« 
twssn ths forward tip of the model and the trailing edge, i.s. about 
1.5 m, the kinetic pressure ratio is less than 3'^. The horisontal 
distribution is still correct, except in regions very close to ths 
asssmbly by-pass whsrs excessive speeds appear. They are not, how- 
ever, In the maneuvering range of the model. 

Detailed Explorations 

They are warranted by the fact that the assembly may assume 
highly diverse positions i motions y/ ^ which displace 

the curved sector in the test section. Moreover, for yj and 
the C.G of the model shifts within the section. Selection of a kin- 
etics "reference" was therefore questioned along vith the definition 
of the section drift. 

More extensive measurements in the maneuvering range of the 
model were performed and the main results are shown in figure 16. 

They account for more than 300 measurements for various configura- 
tions. The kinetic pressure reference taken on the C.G. model and 
related to an upstream kinetics does not vary for any configuration 
(standard deviation . 007 ). 
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Furth«mior«f • posltlr* static pressure ^radiant squlvalant to 
•3 ■ bar ptr astor at 40 a/s Is obsarrad. Evan thou^ It Is low, tha 
([^radiant aay possibly Indues separation or a prasiatura appaaranea of 
addles* No slapla raaady saaas possible In this regard* 

Cllnoaatrie maasuraaants vara parfomad for various configura- 
tions In tha aanauvarlng range of tha modal (figure l6)* Local var- 
iations ^ o< called a "section drift" of 1 to 2* maximum in tha 
range explored ware visible* Va vara not able to find a valid for- 
mulation of correction lava to account for tha various positioning 
parameters of tha assembly* Tha quality of such maasuramants Is un- 
certain* Visualisations by using wool threads along the entire sec- 
tion accompanied these maasuramants* 

Based on this Information^ it did not seam useful to define tha 
spatial ventilation of the seetdan drift. It seemed preferable 
to refer to over-all characteristics (polar) obtained on tha modal 
for various scanning configurations and to check tha consistency of 
aerodynamic corrections relative to the clinometz*y* 

Over-all Method of Aerodynamic Corrections 

The over-all procedu'-e makes it possible to separate the effects 
of each parameter ^ 2 ' provide an accurate for- 

mulation of the correction laws which must be considered by compar- 
ing the measuring results. 

Polars were made for the different test cases shown on figure 


The kinetic pressure at the C.G. is constcuit ( ^ ■ .007). 

The different aerodynamic characteristics obtained were compared 
(C^ ( ), (C^) etc ... On the whole, the maximum deviations ob- 

served correspond to correction terms representing lateral devia- 
tions in the section which are within a 1.3* angle for extreme cases 
of range ^ , 9 ^ , ^ , 
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Flgiar* 18 oorr«sponda to oasa 6, plato 17 lllustratas on# of 
tha oharaotarlatios of theaa tasta* It la oonoarnad with tha influanoa 
of and nakaa It poaalbla to datarailna ona of tha oonponanta of 
tha aaotlon drift* 

Tha taat la oonduotad with ^ • 0 , ^ ■ 0 . 9**26 vaak 

and tharafora oorraaponda to tha Inoldanoa which la tharafora conatant 
In tha rotairy notion* From unflltarad raoordlnga wa hava caloulatad 
and ahown aa a function of on tha graph of flgura 18* 
and C ara not conatant* Wa find a aynnatry around axla ^ m If 

y tT '»r ^ 

for and 1 “ Z * 2 ®y* ^h^* clearly Indlcataa tha direc- 

tion and modulua of tha aaotlon alda-drlft which wa ware looking for* 


Baaed on all taata conducted* a complete formulation of correc- 
tion tarma uaad in maaauramanta with or without rotation ware devel- 
oped (tarma and /h ) which define values c(. , coz*rected of 

the effects of all parameters shown* The exact formulation Is shown 
In appendix 2* Special consideration was given to a sloping angle of 

A 

trojectory m \/ ~Z. ^s*<^clated with the corrective terms developed 
from values 




If we apply these corrections to all polars established* we 
obtain unique characteristics* The spread is not greater than .13* 
on ol ^ and Is therefore not distinguishable from the over-all 

measurement dupllcablllty* Let us bear In mind that the modulus of 
these corrections Is a maximum of !• in A <?(. or ^ /9> . No other aero- 
dynamic correction is applied to the measurements. Let us also point 
out that In the case of A 2000 cit l/8*6 the Reynolds number of the 
tests is 2*3 10^, In the report following the next paragraph a few 
aerodynamic characteristics and conclusions of the airplane manufac- 
turer will be presented In this regard* 


4*2 - Present Characteristics of Measurement and Data Processing 

The strategy used today for measuring and processing data is 
based on the first Industrial works carried out on the rotative 
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baJano* for th« Mlrac* 2000* It Inoludaa tha various aspaota ot 
this progru and tha baalo oharaotarlstloa of tha balanoa, tha nodal 
and tha tast raniT* undar oonaldaration* 

4.2.1 - Davalopnant of tha Tast 

Stationary idantlfloatlona ara sutda prior to any tasting of 
rotary notion In ordar to ohaok tha ant Ira davloai Including aarodyna- 
mlo oorraotlons, Thay ara carrlad out by scanning In continuous ^ 
(0,7*/s) or by 0 with and without for two headings 

r . 

Tha paramatars corresponding to the rotation tast ara displayed 
without wind and without rotation (see tast range paragraph 3,3), 

A rotation tast sequence therefore consists of collecting all meas- 
urements taken with wind and those taken without wind which 
ara bound by zeros (similar procedure for polars). This procedure 
makes it possible to check the measurement taken with wind by comparing 
the zeros and determining the torque of inertia forces. 

Measurements are taken for several successive rotations in order to 
obtain mean values in an "interval" in of the determined pitch. 

This Is indispensable in the case of tests with ^ ^ 0 
as o( , /3 varies in the rotary motion, 

4.2.2 — Type of Data - Measuring and Collection Process 

The flow chart of the meacuring process is shown in figure 19, 

These data are obtained from the transducers on boards 5 or 6 compon- 
ent balance, positions » ^2 • control surfaces and possibly 

anemoclinometric probes, model accelerometry or local pressures, etc, 

or from ground transducers! , 9 c • • • All signals 

' o ' ret 

from transducers on board are transmitted through a rotary switch in 
the control room where ground information is transmitted and where 
conditioners of balance bridges are found, A low pass analog fil- 
ter is operated at this level on different channels with a frequency 
close to half the digitization frequency when using I 50 Hz, 12 dB 
filters. The signals are then digitized by PCM coder. 
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• t * 


A vlsuallBatlon of tho analog,', and digital 'signals is available 
for aaoh paraaetar* 

Tha data la than trananittad to tha oollaotion and prooaaalng 
oantar by oabla* 

A PPM control davica auiy bo uaad during tho toata to loop 
actuatara arran^ad on tha nodal* 

Tha naln oharaotwrlatloa of tha maaaurlnff davloa arai thara ara 
up to 30 ohannal# with aub^oyoling oapablllty* Tha word langth ia 
12 bltat tho maximum paaa band la 200 Ha par channal and tha orar-all 

_3 

syatama accuracy ia 10 '^* 

4.2*3 “ Currant Data Procesaing 

The summary of the present processing procedure is shown on 
figure 20* 

After checking the basic signals by controlling synchronous los- 
ses and possible saturations, an optional reverse-direct low-pass 
filter may be used to eliminate possible high frequency noises* 

Mean values are then calculated inside the intervals currently 
defined by Ad, - |* for tests without rotation (polars made by scan- 
ning) and by A ^ 3 * for rotations. Tho size of the latter 

makes it. possible to match the definition of measurements ( 
vary little in this range) with computer memory capacities for tha 
calculations . 

After checking the dynamic torque and calculating the mean 
value of the "zeros”, we find the difference between the tests with 
wind and the mean value of the "zeros" without wind* 

According to the tests, signals with relatively intense noise 
levels appear at this stage. Ine frequential analysis of these 
slgnalj is carried out by using the Fourier transform 
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(F.F.T.) In oonTvrsatlonal nod* with risuallBation of apoctra and 
ohoica of flltarlng options , th* prlnolploa of whloh arai lov-pass 
flltorlnffi band-rajaotlon flltar or lina-rajaotion flltar* A lov- 

I 

paaa flltar appllad to all alcnala of tha balanea waa aalotad for tha 
first tasta In ordar to anaur* a "honofanaous” prooaaalnff of all data 
(aa* 4.2,4), 

Aftar paaalniT throui^h tha balanoa natrlx and taking Into account 
th* calibration* of all tranaduoara, th* napiltuda* praparad ar* ra- 
covaradt all coafflclanta » oT*x*-all aarodynanlc oharactarlatloa r*» 
latad th* charactarlatlo valua* c< . , p, q . r, ^ , 0 , ^ . 

4,2.4 - Spaolflc Charactarlatlo* of tha Maaaurlnjr Procadura and 
Data Procaaalnar 

On* of th* main concarna of naaaurlnc iuid procaaalng data In 
thair present form lies in the frequantlal aspect of the problem of 
'Eliminating the various types of noise* from th* measurement, 

A few remarks In this regard are sho'wn on figure 21 , 

The rotational test range covers 0 < | | ^ 600*/s 

The procedure of using mean values in "Intervals" (of about 3*) 
does not behave Ilk* a filter at maximum frequenclesy but like a 
second sampling system added to that of quantifying signals made by 
the PCM system. Furthermore f the equivalence between the frequentlal 
analysis of the continuous signal and that of th* same quantified 
signal must be established In order to check th* F.F.T, filter. Such 
a precnutlon would imply an "optimum interval" size proportional to 
the rotation speed , whereas '^he opposit logic would be used 

with regard to th* variation of parameters , /3 • computer 

memory limits must also be considered. 

Mean values In standard "intervals" therefore create a "lamina* 
tion" fur low -TL with possible frequency changes and the structural 
modes in bandwidth 10 - 20 Hz can appear only between 60 to 120"/s, 
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Th« iMxlaum fraqusncy Idantlflabl* 'by th« F.F.T in this band- 
width does not covar nil structural modas* Thay tharafora cannot ba 
corractly aliminatad. 

Tha aampling fraquanclas wara adaptad to tha spaad ran^as in 
ordar to obtain a raalistic nunbar of points par intarval and par 
channal for a glvan nunbar of rotations which doas not laad to an 
axcassive collection voluma* 

Tha F.F.T. low-pass 10 Hz typa filtering procadura 
for all of tha first tasts parformad was adopted on the basis of 
specific conditions (model, balance, structure, •••)• 

To illustrate the Importance of choosliig the appropriate pro- 
cessinff procedure, figure 22 shows part of tha plot variation of a 
coefficient as a function of (circular diagram). A sudden 

amplitude variation during the rotation is measured for two given 
values , /3 • A careful measurement of such "transitions", which 
are the aerodynamic affects to be identified, requires a special 
adaptation of the data preparation procedures. Possible solutions are f 

-a specific adaptation of the model-balance assembly to this type of 
test y 

-selection of an Interval size which is adapted to -il. and to the 
definition of dynamic terms o( ^ /^» 

-the use of direct accelerometrl c measurements on the model to define 
the dynamic torque , 

-the use of filtering methods on the model whenever the model exists. 

5 - CONCLUSION 


About one year after it was decided to construct the rotative 
balance, reception tests in the section were executed. They were 
followed bv the first industrial experiences, the results of which will 
be presented by Mr. COUEDOH of the A.M.D.-RA. 
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This nsw dsvloc can bs sdsptsd and dsralopad* It Is prsssntly 
bslng dsslcnsd for ths invsstifatlon of auto-rolllng at hlffh Incldsncss 
with or without rotation. Latsr onp air^tatlons stay bo addad to ths 
contlnuc'ia rotations. 

Ths prsssnt dsol^ of this asssnbly makss It posslblo to cosipi Is 
a nsw data bass which Is nssdsd in ordsr -to Invsstlsats ths prsssnt 
nansuvsrlng ran«?s of alrplanss, Including stationary spins. An analysis 
will proTlds a bsttsr undsrstanding of phsnomsna which ars now obtainsd 
fron purs obssrvations. 

Nsxt to ths ovsr-all msasursmsnts . ths basic qusstlon Is ths 
followlngi what would bs ths modsls for such raansuvsrs? 


I 




ADP«ndi« 






M 

h 

1 

£ 

** 

2 


2k 

• • • 

5 25 

II «• " 


<3. 

N 

«1 

E 

c 

•1 

u 

c 

1 


u 

i|2k 

( 


Q 

5 



b. 

O 

it 

O 

M 

H 

:3 

=> 

u 

•< 

u 



:s.:^ 


Q) 2 c 


0^0 
V, O o 


'* E 




0 'r 0 


iO bo 






oiuc.l-^al page^ 



II H 








COMPUTATION OF 


















ADP»ndix 2.1 - ROTATIVE BALANCE 


Calculation of oorraotad Ot and yQ 
Tha apaad of tha nodal ralatlva to tha wind lai 




^oc.y.| Modal Marking 

Earth Marking 


Tha caloulatlv.ns taka Into account tha spatial vantllatlon of the 
section drift, Even though tha vlndtunnel Is vertical^ It Is found 
that componants and ara not saroc 

Tha actual liicldanoe Is aqual to the displayed Incidence minus 
the slope of the trajectoryt 

o( = ■" ^ 

This is not the case for side-slip. 



The corrections correspond to the horizontal components of the 
slope of the actual trajectory} they are established as follows} 
-correction - projected on axes and y^ gives the following 

correction in these 2 axes} 

ro/ . 

^ i- — . Oo7VoiJ — ,00 70 7 

-correction ol^ projected on axis x^ only, gives the correction} 

5 = , .075 

SJ A > . C9c:y 

1 f we assume that [^J 1* the matrix of transition from the 

ground marking to the model mail.ing, with} 
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Calculation of matrix £ rij : 


Webaglnwith the ground marking until we reach the 
model. The successive rotations to be considered are t 
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and therefore! 
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- j^Jin S( Jind^ cos^ cosA * cos j/h A J -h 
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.... COS cos ^ cos 6*2 ^ sthA - sin stn ifJ sin A * cos sin coiA ) J 
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Important Remark s In /=? is that of the model when 0 o 

Jn ‘ £?2 that of the an^lar coder. 
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MODELLING OF THE ASSEMBLY STRUCTURE 

Computational Cnse 

Qq - O ® ° and PO ° 

2 typas of balance! 5 or 6 components. 

Modal: 50 Kk, 

StlnR length. 

Sting sections and curved sector 



matrix of impact coefficients 

FOR THE MODEL AT THE CENTER OF GRAVITY 
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STRUCTURAL MODES OF THE ROTARY ASSEMBLY 


.EXCITATIONS BY SHOCKS 
.MEASUREMENT ON 5 COMPONENT BALANCE 

.COUPLINGS WITH PULSATIONS 

2 



TEST CASE I 32 Kg MODEL 
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Figure 9 
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ANALYSIS OF SIGNALS FRON THE BALANCE 
23 Kg Modal 
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ASSEMBLY - MODEL 
AERODYNAMIC INTERFERENCES 



Efficiency of control surfaces maintained 
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COULECTOR OUTLE^J SECTION ON THE AXIAL SPEED GRADIENT 







GENERAL METHOD OF PREPARING 
AERODYNAMIC CORRECTIONS 
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K «7 for flfuro 19 1 

a-Ancular oodorai b>Condltlonlnff olootronloai o-Conditlonaraf 
d-Oaga bridffaat a-Flltar| f-P«C«M« oodar | g-Lina trananlttarf 
h-Aotuatora| 1-Balanoa viauallBationt J-Orar-all Tiauallaationi 
K-Raaota control daeodari 1-Llna raoaptori n-Oround tranaduoars| 
n«Flltar oondltlonlng alaotronloat o-P«CtM« Chain - Ft*aquoney of 
■aximuB bltai I 30 kB - Sampling fraquanoy par paranatart 700 Ha - 
Word langth of 12 blta| p-Llna trananlttarf q-Llna raoalTori 
r-Prlmary aynohronlaationf a»Sacondary aynchronlaatlont t-Multl- 
ehannol tapa raoordari u-Tranapoaarf ▼'•Ranota control oodari v-Multlpl 
digital intarfacai v-Slnplax axohanga nnlt| x-Prlntari y-Plottar| 
s.Conputari * Control unlt| **Conputar bua 1 IHegiblra. 

Kay for figure 20 t 

a-Raw data} b-Chacklng of aignalai o-Saturatlon control | d-Synchronous 
lossasi a-Low pass filter without phaaa ahlftf f-Control - mean valuaa 
standazxl deviations | g-Dynamlc torque chack| h-Tast - Average value of 
zerosi i-Low-pass{ J-Band rejection filter; k~Line rejection filter; 
1-Balance matrix - calibrations; m-Over-all aerodynamic coefficients 
and parameters. 
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ORGANIZATION OF THE MEASURING AND CONTROL CHAIN 

































MEASUHKMENT - COLLECTION - PROCESSING 
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OF THE FILTEH SYSTEM 




